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CLAIMS 



[Claim(s)] 

[Claim 1] The optical module with which the aforementioned light-corpuscle child and the aforementioned 
semiconductor chip were package-ized by the optical waveguide, the light-corpuscle child who comes to have an optical 
part, and the aforementioned light-corpuscle child including the semiconductor chip which it comes to connect 
electrically. 

[Claim 2] It is the optical module with which the hole is formed in the aforementioned semiconductor chip, the 
aforementioned optical waveguide is inserted in the aforementioned hole in the optical module according to claim 1, and 
the aforementioned light-corpuscle child has been stationed so that one end face of the aforementioned optical 
waveguide inserted with the aforementioned optical part may counter. 

[Claim 3] The optical module whose aforementioned hole is a through hole in an optical module according to claim 2. 
[Claim 4] The optical module with which it comes to form the sealing agent which has light-transmission nature in the 
aforementioned through hole in an optical module according to claim 3. 

[Claim 5] The optical module with which under-filling material is prepared in either of a claim 2 to the claims 4 
between the aforementioned light-corpuscle child and the aforementioned semiconductor chip in the optical module of a 
publication. 

[Claim 6] It is the optical module by which the circuit pattern is formed in either of a claim 2 to the claims 5 in the 
optical module of a publication at the aforementioned semiconductor chip, two or more electrodes are formed in the 
aforementioned light-corpuscle child, and at least one of two or more of the aforementioned electrodes is electrically 
connected to the aforementioned circuit pattern. 

[Claim 7] The optical module which contains further in either of a claim 1 to the claims 6 the substrate which supports 
at least one side among the aforementioned semiconductor chip and the aforementioned light-corpuscle child in the 
optical module of a publication. 

[Claim 8] It is the optical module with which the aforementioned substrate promotes emission of one [ at least ] heat 
among the aforementioned semiconductor chip and the aforementioned light-corpuscle child in an optical module 
according to claim 7. 

[Claim 9] The optical module which has further the external terminal which was prepared in the aforementioned 
substrate and was electrically connected to either [ at least ] the aforementioned light-corpuscle child or the 
aforementioned semiconductor chip in the optical module according to claim 7 or 8. 

[Claim 10] The optical module with which the aforementioned semiconductor chip and the aforementioned light- 
corpuscle child are closed by the resin in the optical module of a publication by either of a claim 1 to the claims 9. 
[Claim 1 1] the light-corpuscle child to whom it comes to form an optical part, and the semiconductor chip which it 
comes to connect with the aforementioned light-corpuscle child electrically ~ having ~ the aforementioned light- 
corpuscle child and the aforementioned semiconductor chip --********♦*-- the semiconductor device it comes-izing 
[ semiconductor device ] 

[Claim 12] The semiconductor device which the laminating of the aforementioned light-corpuscle child and the 
aforementioned semiconductor chip is carried out, and it comes to arrange in a semiconductor device according to claim 
11. 

[Claim 13] It is the semiconductor device which come to form a hole in the aforementioned semiconductor chip, the 
aforementioned light-corpuscle child is stationed in a semiconductor device according to claim 12 so that one field and 
aforementioned optical part of the aforementioned semiconductor chip may counter, and the laminating of the 
aforementioned light-corpuscle child and the aforementioned semiconductor chip is carried out, and it comes to arrange. 

[Claim 14] The semiconductor device with which it comes to arrange the aforementioned light-corpuscle child and the 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to an optical module and its manufacture method, 

a semiconductor device, and an optical transport unit. 

[0002] 

Background of the Invention] In recent years, the inclination of improvement in the speed and large-capacity-izing has 
information communication, and development of optical communication is progressing. Generally, in optical 
communication, an electrical signal is changed into a lightwave signal, a lightwave signal is transmitted by the optical 
fiber and the lightwave signal which received is changed into an electrical signal. Conversion with an electrical signal 
and a lightwave signal is performed by the light-corpuscle child. 

[0003] For example, positioning an optical fiber to the plat form in which the V groove was formed, fixing to it, and 
constituting an optical module is indicated by JP,10-339824,A. 

[0004] However, it was necessary for an optical fiber and a light-corpuscle child to unify the conventional optical 
module, and to connect this optical module with a semiconductor chip electrically further. 

[0005] this invention solves this trouble and the purpose is in offering the optical module with which connection with a 
semiconductor chip becomes unnecessary and its manufacture method, a semiconductor device, and an optical transport 
unit. 
[0006] 

[Means for Solving the Problem] (1) The aforementioned light-corpuscle child and the aforementioned semiconductor 
chip are package-ized including the semiconductor chip which comes electrically to connect the optical module 
concerning this invention with an optical waveguide, the light-corpuscle child who comes to have an optical part, and 
the aforementioned light-corpuscle child. 

[0007] According to this invention, the light-corpuscle child and the semiconductor chip are package-ized, and the 
semiconductor chip is built in the optical module. Therefore, it becomes unnecessary to connect an optical module and a 
semiconductor chip further, and handling is easy. 

[0008] (2) In this optical module, the hole is formed in the aforementioned semiconductor chip, the aforementioned 
optical waveguide is inserted in the aforementioned hole, and the aforementioned light-corpuscle child may be stationed 
so that the aforementioned optical part and one end face of the inserted aforementioned optical waveguide may counter. 
[0009] Since the position of an optical waveguide is determined by the hole formed in the semiconductor chip according 
to this, the position precision of a light-corpuscle child's optical part and the end face of an optical waveguide is high. 
[0010] (3) In this optical module, the aforementioned hole may be a through hole. 

[001 1] (4) In this optical module, the sealing agent which has light-transmission nature in the aforementioned through 
hole may be formed. 

[0012] According to this, in contact with a sealing agent, the positioning is achieved for an optical waveguide. 
[0013] (5) In this optical module, under-filling material may be prepared between the aforementioned light-corpuscle 
child and the aforementioned semiconductor chip. 

[0014] According to this, while protecting a light-corpuscle child and a semiconductor chip, both connection condition 
can be stabilized. 

[0015] (6) In this optical module, the circuit pattern is formed in the aforementioned semiconductor chip, two or more 
electrodes are formed in the aforementioned light-corpuscle child, and at least one of two or more of the aforementioned 
electrodes may be electrically connected to the aforementioned circuit pattern. 

[0016] According to this, since a light-corpuscle child is carried in a semiconductor chip, an optical module can be 
miniaturized. Moreover, the manufacture method of a semiconductor device can be used for the semiconductor material 
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which constitutes a semiconductor chip, and a circuit pattern with a high precision can be formed in it. 
[.00 1 7] (7) In this optical module, the substrate which supports at least one side among the aforementioned 
semiconductor chip and the aforementioned light-corpuscle child may also be included further. 

[0018] (8) In this optical module, the aforementioned substrate may promote emission of one [ at least ] heat among the 
aforementioned semiconductor chip and the aforementioned light-corpuscle child. 

[0019] (9) In this optical module, you may have further the external terminal which was prepared in the aforementioned 
substrate and was electrically connected to either [ at least ] the aforementioned light-corpuscle child or the 
aforementioned semiconductor chip. 

[0020] (10) In this optical module, the aforementioned semiconductor chip and the aforementioned light-corpuscle child 
may be closed by the resin. 

[0021] According to this, a semiconductor chip and a light-corpuscle child can be taken care of with a resin. 
[0022] (1 1) the semiconductor chip which comes electrically to connect the semiconductor device concerning this 
invention with the light-corpuscle child to whom it comes to form an optical part, and the aforementioned light- 
corpuscle child — having — the aforementioned light-corpuscle child and the aforementioned semiconductor chip — 
********** — izing is come 

[0023] According to this invention, since the light-corpuscle child and the semiconductor chip are package-ized, it 
becomes unnecessary to connect an optical module and a semiconductor chip further, and handling is easy. 
[0024] (12) In this semiconductor device, the laminating of the aforementioned light-corpuscle child and the 
aforementioned semiconductor chip may be carried out, and they may be arranged. 

[0025] (13) In this semiconductor device, by coming to form a hole in the aforementioned semiconductor chip, the 
aforementioned light-corpuscle child is stationed so that one field and aforementioned optical part of the aforementioned 
semiconductor chip may counter, and the laminating of the aforementioned light-corpuscle child and the aforementioned 
semiconductor chip may be carried out, and they may be arranged. 

[0026] (14) In this semiconductor device, the aforementioned light-corpuscle child and the aforementioned 
semiconductor chip may be arranged together with a substrate top. 

[0027] (15) In this semiconductor device, by coming to form a hole in the aforementioned substrate, the aforementioned 
light-corpuscle child may be stationed so that one field and aforementioned optical part of the aforementioned 
semiconductor chip may counter, and the aforementioned light-corpuscle child may be stationed on the aforementioned 
substrate. 

[0028] (16) It connects with an optical waveguide, the light emitting device carried in one end face of the 
aforementioned optical waveguide by turning a light-emitting part, and the aforementioned light emitting device 
electrically, and it connects with the aforementioned light emitting device, the package-ized semiconductor chip, the 
photo detector carried in the other-end side of the aforementioned optical waveguide by turning a light sensing portion, 
and the aforementioned photo detector electrically, and the optical transport unit concerning this invention contains the 
aforementioned photo detector and the package-ized semiconductor chip. 

[0029] According to this invention, a light emitting device or a photo detector, and a semiconductor chip are package- 
ized, and the semiconductor chip is built in. Therefore, it becomes unnecessary to connect further a light emitting device 
or a photo detector, and a semiconductor chip, and handling is easy. 

[0030] (17) In this optical transport unit, the plug connected to the aforementioned light emitting device and the plug 
connected to the aforementioned photo detector may also be included further. 

[0031] (18) The manufacture method of the optical module concerning this invention includes the process which 
doubles a relative position and stations the process which connects electrically the aforementioned light-corpuscle child 
and the aforementioned semiconductor chip, and the aforementioned optical waveguide and the aforementioned light- 
corpuscle child, and the process which package-izes the aforementioned light-corpuscle child and the aforementioned 
semiconductor chip in the manufacture method of an optical module of having at least an optical waveguide, the light- 
corpuscle child who has an optical part, and a semiconductor chip. 

[0032] According to this invention, since a light-corpuscle child and a semiconductor chip are package-ized, it is not 
necessary to connect the obtained optical module to a semiconductor chip further, and handling becomes easy. 
[0033] (19) In the manufacture method of this optical module, the circuit pattern is formed in the aforementioned 
semiconductor chip, the process which has two or more electrodes and connects electrically the aforementioned light- 
corpuscle child and the aforementioned semiconductor chip may join at least one of two or more of the aforementioned 
electrodes to the aforementioned circuit pattern, and the aforementioned light-corpuscle child may perform it. 
[0034] According to this, electric connection between a light-corpuscle child and a semiconductor chip can be easily 
aimed at only by joining an electrode to a circuit pattern. Moreover, since a light-corpuscle child is carried in a 
semiconductor chip, an optical module can be miniaturized. The manufacture method of a semiconductor device can be 
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used for the semiconductor material which constitutes a semiconductor chip, and a circuit pattern with a high precision 
can be easily formed in it. 

[0035] (20) In the manufacture method of this optical module, the aforementioned electrode and the aforementioned 
circuit pattern are joined by brazing filler metal, and alignment of the aforementioned light-corpuscle child and a 
semiconductor chip may be performed by the surface tension of the brazing filler metal by which melting was carried 
out. 

[0036] According to this, with the surface tension of brazing filler metal, since alignment of a light-corpuscle child and 
a semiconductor chip is performed automatically, an alignment process becomes unnecessary. 

[0037] (21) In the manufacture method of this optical module, the hole is formed in the aforementioned semiconductor 
chip and the process which doubles a relative position and stations the aforementioned optical waveguide and the 
aforementioned light-corpuscle child may also include the process which inserts the aforementioned optical waveguide 
in the aforementioned hole. 

[0038] According to this, the position of an optical waveguide and a semiconductor chip is decided by inserting an 
optical waveguide in a hole. Therefore, if alignment of a light-corpuscle child and a semiconductor chip is carried out, 
alignment of a light-corpuscle child and an optical waveguide can be performed easily. 

[0039] (22) The manufacture method of the optical module which forms the aforementioned hole with laser in the 
manufacture method of this optical module. 

[0040] (23) The manufacture method of the optical module which forms the aforementioned hole by etching in the 
manufacture method of this optical module. 

[0041] (24) In the manufacture method of this optical module, a crevice may be formed in the field as for which the 
aforementioned hole of the aforementioned semiconductor chip carries out opening by anisotropic etching, and you may 
make the aforementioned crevice penetrate with laser, and may also include further the process which forms the 
aforementioned hole in the aforementioned semiconductor chip. 

[0042] Anisotropic etching is widely performed in the manufacture process of a semiconductor device, and formation of 
the crevice where precision is high is possible for it. Moreover, since a crevice makes the shape of V character in a cross 
section according to anisotropic etching, the hole in which the crevice was formed by penetrating by laser is the 
configuration by which the taper was given to the opening edge. Therefore, the hole where the taper was given to the 
opening edge can be formed easily. The taper of a hole serves as a guide when inserting an optical waveguide. 
[0043] (25) In the manufacture method of this optical module, you may also include further the process filled up with 
under-filling material between the aforementioned semiconductor chip and the aforementioned light-corpuscle child. 
[0044] According to this, by under-filling material, while being able to protect a light-corpuscle child and a 
semiconductor chip, both connection condition can be stabilized. 

[0045] (26) In the manufacture method of this optical module, the process which package-izes the aforementioned light- 
corpuscle child and the aforementioned semiconductor chip may close the aforementioned light-corpuscle child and the 
aforementioned semiconductor chip by the resin, and may perform them. 

[0046] According to this, a semiconductor chip and a light-corpuscle child can be taken care of with a resin. 

[0047] (27) In the manufacture method of this optical module, you may also include further the process which prepares 

a substrate at least in one side among the aforementioned semiconductor chip and the aforementioned light-corpuscle 

child. 

[0048] (28) In the manufacture method of this optical module, you may also include further the process which prepares 
the external terminal electrically connected to either [ at least ] the aforementioned light-corpuscle child or the 
aforementioned semiconductor chip in the aforementioned substrate. 
[0049] 

[Embodiments of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained with reference 
to a drawing. 

[0050] (Gestalt of the 1st operation) Drawing 1 is drawing showing the optical module concerning the gestalt of the 1st 
operation which applied this invention. An optical module contains the light-corpuscle child 10, a semiconductor chip 
20, and an optical fiber 30. An optical fiber 30 is an example of an optical waveguide. Since this optical module has a 
semiconductor chip 20, you may define it as a semiconductor device. This is the same also with the gestalt of all the 
following operations. 

[0051] Even if the light-corpuscle child 10 is a light emitting device, he may be a photo detector. A field light emitting 
device, especially a surface emission-type laser are applicable as an example of a light emitting device. Field light 
emitting devices, such as a surface emission-type laser, emit light perpendicularly to a substrate. The light-corpuscle 
child 10 has an optical part 12. When an optical part 12 is a light-emitting part when the light-corpuscle child 10 is a 
light emitting device, and the light-corpuscle child 10 is a photo detector, an optical part 12 is a light sensing portion. 
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[0052] The light-corpuscle child 10 is in the state where the relative position with an optical fiber 30 was fixed. In 
detail, it is desirable that the relative position of the light-corpuscle child's 10 optical part 12 and the apical surface of an 
optical fiber 30 is being fixed. Specifically, an optical part 12 is in the state which turned to the apical surface of an 
optical fiber 30 in many cases. Moreover, with the gestalt of this operation, the optical part 12 has turned to the hole 28 
of a semiconductor chip 20. 

[0053] The light-corpuscle child 10 has at least one electrode (generally two or more than it). For example, the 1st 
electrode 14 may be formed in the field in which the optical part 12 was formed. In addition, at least one of two or more 
1 st electrodes 14 may be a dummy electrode. Although a dummy electrode may be formed with the same material as the 
1st electrode 14, it is not electrically connected to the interior of the light-corpuscle child 10. For example, even if it 
forms the 1st electrode 14 in the position on which all are connected in a straight line, and the polygon more than a 
triangle is drawn and is [ of them ] few, one or more may be a dummy electrode. By carrying out like this, it is stabilized 
and the light-corpuscle child 10 can be supported in the part of three or more points. 

[0054] The 2nd electrode 16 may be formed in the field other than the field in which the 1st electrode 14 was formed. 
When the light-corpuscle children 10 are semiconductor laser, such as a surface emission-type laser, with the field in 
which the 1st electrode 14 was formed, the 2nd electrode 16 may be formed in the field of an opposite side. 
[0055] A semiconductor chip 20 is for driving the light-corpuscle child 10. The circuit for driving the light-corpuscle 
child 10 is built in the semiconductor chip 20. Two or more electrodes (or pad) 22 connected electrically are formed in 
the internal circuit at the semiconductor chip 20. It is desirable that the circuit pattern 24 electrically connected to at 
least one electrode 22 is formed in the field in which the electrode 22 was formed. 

[0056] The semiconductor chip 20 and the light-corpuscle child 10 are connected electrically. For example, the light- 
corpuscle child's 10 1st electrode 14 and the circuit pattern 24 formed on the semiconductor chip 20 are connected 
electrically. Although a wire etc. may be used for connection, you may join the 1st electrode 14 and circuit pattern 24 
through the metal junction and the anisotropy electrical conducting material (film) by the pewter 26 which is an 
example of brazing filler metal. In this case, face down mounting of the light-corpuscle child 10 is carried out to a 
semiconductor chip 20. It not only can make electric connection, but by carrying out like this, the light-corpuscle child 
10 and a semiconductor chip 20 are fixable with a pewter 26. In addition, also as for what serves as a dummy electrode 
among the 1st electrode 14, joining to a circuit pattern 24 is desirable. It is fixable on a semiconductor chip 20 in the 
state where the light-corpuscle child 10 was stabilized by carrying out like this. 

[0057] Moreover, the light-corpuscle child's 10 2nd electrode 16 and the circuit pattern 24 are connected electrically. A 
wire 27 may be used for connection or conductive paste may be prepared in it from the 2nd electrode 16 to a circuit 
pattern 24. 

[0058] Between the light-corpuscle child 10 and a semiconductor chip 20, you may form the under-filling material 40. It 
is desirable that the under-filling material 40 has the transparent under-filling material 40 in the light-corpuscle child's 
10 optical part 12 at the time of a wrap. The front face of the light-corpuscle child 10 and a semiconductor chip 20 also 
protects the under-filling material 40 while it covers and protects a part for the electric connection of the light-corpuscle 
child 10 and a semiconductor chip 20. Furthermore, the under-filling material 40 holds the light-corpuscle child 10 and 
the junction state of a semiconductor chip 20. 

[0059] The hole (for example, through hole) 28 may be formed in the semiconductor chip 20. An optical fiber 30 is 
inserted in a hole 28. A hole 28 avoids an internal circuit, and it is formed until it reaches [ from the field in which the 
electrode 22 was formed ] the field of the opposite side. In opening by the side of the field in which the electrode 22 was 
formed, the sealing agent 25 of light-transmission nature may be formed in the hole 28. One side of a hole 28 is closed 
by forming a sealing agent 25, and positioning at the nose of cam of an optical fiber 30 can be aimed at. A sealing agent 
25 can be formed by leaving the passivation membrane which serves as a field in which a sealing agent 25 is formed 
from Si02 which forms a hole 28 from the field (rear face) of an opposite side, and is formed in the field (front face) in 
which a sealing agent 25 is formed, SiNX, etc. It is desirable that the taper 29 is formed in one [ at least ] opening edge 
of a hole 28. It becomes easy to insert an optical fiber 30 by forming a taper 29 in a hole 28. 

[0060] The semiconductor chip 20 may be attached in the substrate 42. In detail, the semiconductor chip 20 may be 
stuck on the substrate 42 through adhesives 44. The hole 46 is formed in the substrate 42. The hole 46 is formed in the 
position which is open for free passage with the hole 28 of a semiconductor chip 20. The adhesives 44 on which a 
semiconductor chip 20 and a substrate 42 are pasted up are formed so that the free passage of two holes 28 and 46 may 
not be barred, and these may not be closed. In the semiconductor chip 20, the hole 46 of a substrate 42 is the 
configuration to which the taper was given, as a bore becomes large in the direction of an opposite side. It is easy to 
insert an optical fiber 30 by carrying out like this. 

[0061] Although a substrate 42 may be formed from the material which has insulation, such as a resin, glass, or a 
ceramic, it may be formed from the material which has metaled conductivity. When a substrate 42 consists of a 
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conductive material, it is desirable to form an insulator layer 43 in the field in which a semiconductor chip 20 is attached 
at least. In addition, the material same as a substrate 42 can be used also with the gestalt of the following operations. 
[0062] Moreover, as for a substrate 42, it is desirable to have high thermal conductivity. According to this, a substrate 
42 promotes emission of one [ at least ] heat of the light-corpuscle child 10 and a semiconductor chip 20. In this case, a 
substrate 42 is a heat sink or a heat spreader. With the gestalt of this operation, since the semiconductor chip 20 has 
pasted the substrate 42, a semiconductor chip 20 can be cooled directly. In addition, as for the adhesives 44 on which a 
semiconductor chip 20 and a substrate 42 are pasted up, it is desirable to have thermal conductivity. Furthermore, since 
a semiconductor chip 20 is cooled, the light-corpuscle child 10 joined to the semiconductor chip 20 is also cooled. 
[0063] The circuit pattern 48 is formed in the substrate 42. Moreover, the external terminal 50 is formed in the substrate 
42. With the gestalt of this operation, the external terminal 50 is a lead. The circuit pattern 48 formed in the substrate 42 
is electrically connected to at least one of the 1st of the electrode 22 of a semiconductor chip 20, the circuit pattern 24 
formed on the semiconductor chip 20, and the light-corpuscle child 10, or the 2nd electrodes 14 and 16 through a wire 
52. Moreover, a circuit pattern 48 may be electrically connected with the external terminal 50. 
[0064] Including a core and the clad which surrounds this in the shape of a concentric circle, light is reflected on the 
boundary of a core and clad, light is confined in incore and an optical fiber 30 spreads. Moreover, the circumference of 
clad is protected in many cases by the jacket. 

[0065] The optical fiber 30 is inserted in the hole 28 of a semiconductor chip 20. The light-corpuscle child's 10 optical 
part 12 has turned to the inside of the hole 28 of a semiconductor chip 20. Therefore, the optical fiber 30 inserted in the 
hole 28 will be in the state where alignment was carried out to the optical part 12. 

[0066] The optical fiber 30 is inserted also in the hole 46 of a substrate 42. In the hole 46, the bore is becoming small 
gradually towards the hole 26 of a semiconductor chip 20, and the bore of opening of a hole 46 is large in respect of 
[ optical fiber / 30 ] the opposite side in the semiconductor chip 20. As for the crevice between an optical fiber 30 and 
the inside of a hole 46, burying with the fillers 54, such as a resin, is desirable. A filler 54 also has the function to fix 
and escape from an optical fiber 30 and to plan a stop. 

[0067] In the gestalt of this operation, the light-corpuscle child 10 and the semiconductor chip 20 are closed by the resin 
56. A resin 56 also closes a part for a part for the electric connection of the light-corpuscle child 10 and a semiconductor 
chip 20, and the electric connection of a semiconductor chip 20 and the circuit pattern 48 formed in the substrate 43. 
[0068] According to the optical module concerning the gestalt of this operation, the light-corpuscle child 10 and the 
semiconductor chip 20 are package-ized. Therefore, since it is not necessarily required to Connect the circuit for driving 
this to an optical module, handling is easy. 

[0069] The gestalt of this operation is constituted as mentioned above, and explains the manufacture method below. 
[0070] First, the light-corpuscle child 10, a semiconductor chip 20, and an optical fiber 30 are prepared. The light- 
corpuscle child 10 has the optical part 12, the 1st, and 2nd electrodes 14 and 16. The circuit pattern 24 may be formed in 
the field where the electrode 22 was preferably formed in the semiconductor chip 20. Moreover, the hole 28 may be 
formed in the semiconductor chip 20. As for the circuit pattern 24 and hole 28 in a semiconductor chip 20, forming in an 
exact position relatively is desirable. 

[0071] The formation method of a hole 28 is explained with reference to drawing 2 (A) - drawing 2 (C). These drawings 
are end view which passes along the portion in which the hole 28 of a semiconductor chip 20 is formed. A crevice 21 is 
formed in a semiconductor chip 20 as shown in drawjng_2 (A). A crevice 21 is formed in the position as for which a 
hole 28 carries out opening. Preferably, a hole 28 forms a crevice 21 in both sides which carry out opening. Since a 
semiconductor chip 20 generally consists of silicon in many cases, it can apply anisotropic etching and can form the 
crevice 21 of the shape of an exact cross-section triangle along with the crystal face. Or you may form the crevice 21 of 
a cross-section square configuration. Moreover, although especially the flat-surface configuration of opening of a 
crevice 21 is not limited, it may be a rectangle. When opening of a crevice 21 is a rectangle, length of a ******** 0 f 
one side is more desirable than the diameter of an optical fiber 30. Let a part of crevice [ at least ] 21 be a taper 29 by 
carrying out like this. 

[0072] Next, a semiconductor chip 20 is made to penetrate mutually between the crevices 21 of the couple located in an 
opposite side, as shown in drawing 2 (B). For example, laser can be used. That is, a laser beam can be irradiated in one 
crevice 21, and a semiconductor chip 20 can be made to penetrate. Furthermore, to the hole penetrated between the 
crevices 21 of a couple, it etches, and a bore diameter is enlarged, and as shown in drawing 2 (C), a hole 28 is formed. 
In addition, it is desirable to leave a part of crevice [ at least ] 21 to opening of a hole 28. Let a part of crevice [ at least ] 
21 be a taper 29 by carrying out like this. 

[0073] Or you may apply optical-pumping electrolytic polishing (Optical Excitation Electropolishing Method) to 
formation of a hole 28. 

[0074] The gestalt of this operation includes the process which connects electrically the light-corpuscle child 10 and a 
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semiconductor chip 20. For example, the light-corpuscle child's 10 1st electrode 14 and the circuit pattern 24 formed in 
the semiconductor chip 20 are joined. Or the 1st electrode 14 and the electrode 22 formed in the semiconductor chip 20 
are joined. 

[0075] As a means of junction, if a pewter 26 is used, the self-alignment effect will be acquired. That is, if the fused 
pewter 26 is made to intervene between the 1st electrode 14, and a circuit pattern 24 or an electrode 22, the light- 
corpuscle child's 10 alignment will be automatically performed by the surface tension of the fused pewter 26. It is 
desirable to form the land for forming a pewter 26 in a circuit pattern 24. Since the light-corpuscle child's 10 alignment 
is performed by the self-alignment effect, the light-corpuscle child's 10 optical part 12 can be automatically turned to the 
hole 28 of a semiconductor chip 20. 

[0076] Moreover, the light-corpuscle child's 10 2nd electrode 16 and the circuit pattern 24 formed in the semiconductor 
chip 20 are connected electrically. A wire 27 can be used for connection. 

[0077] The gestalt of this operation includes the process which attaches either [ at least ] the light-corpuscle child 10 or 
the semiconductor chips 20 in a substrate 42. For example, adhesives 44 are used and a semiconductor chip 20 is stuck 
on a substrate 42. When the hole 28 is formed in the semiconductor chip 20, the hole 46 of a substrate 42 is made to 
open for free passage with the hole 28 of a semiconductor chip 20. 

[0078] The gestalt of this operation includes the process which forms the external terminal 50 in a substrate 42. With the 
gestalt of this operation, while forming the lead as an external terminal 50 in a substrate 42, it connects with a circuit 
pattern 48 electrically. The external terminal 50 is electrically connected to either [ at least ] the light-corpuscle child 10 
or the semiconductor chip 20 through a circuit pattern 48. 

[0079] The gestalt of this operation includes the process which doubles a relative position and arranges the light- 
corpuscle child 10 and an optical fiber 30. For example, an optical fiber 30 is inserted in the hole 28 formed in the 
semiconductor chip 20. In addition, if a taper 29 is formed in the opening edge of a hole 28, it will be easy to insert an 
optical fiber 30. Moreover, the hole 46 of a substrate 42 is the configuration which spreads towards the field of the side 
which inserts in an optical fiber 30, and it tends to insert an optical fiber 30. 

[0080] Only by inserting an optical fiber 30 in a hole 28, alignment of an optical fiber 30 and a semiconductor chip 20 
can be performed. If alignment of a semiconductor chip 20 and the light-corpuscle child 10 is carried out correctly, 
relative alignment of an optical fiber 30 and the light-corpuscle child 10 can be performed. That is, relative alignment of 
an optical fiber 30 and the light-corpuscle child 10 can be performed only by inserting an optical fiber 30 in a hole 28. 
[0081] The gestalt of this operation may also include the process which plans the omission stop of an optical fiber 30. 
For example, it may let the hole 46 of a substrate 42 pass, an optical fiber 30 may be inserted in the hole 28 of a 
semiconductor chip 20, and the hole 46 of a substrate 42 may be filled up with a filler 54. If a filler 54 hardens, since an 
optical fiber 30 is fixed to a substrate 42, the omission stop from the hole 28 of the semiconductor chip 20 of an optical 
fiber 30 is planned. 

[0082] The gestalt of this operation may also include the process which package-izes the light-corpuscle child 10 and a 
semiconductor chip 20. For example, it is filled up with the under-filling material 40 between the light-corpuscle child 
10 and a semiconductor chip 20. The front face of the light-corpuscle child 10 and a semiconductor chip 20 is protected 
by this, a part for the electric connection between both is protected, and both integrated state is held. 
[0083] Furthermore, it is desirable to close a part for an electric connection with either [ at least ] a part for the electric 
connection of the exposed surface of the light-corpuscle child 10 and a semiconductor chip 20 and both, the light- 
corpuscle child 10 or the semiconductor chip 20 and the circuit pattern 48 formed in the substrate 42 etc. by the resin 56 
etc. According to the above process, the light-corpuscle child 10 and a semiconductor chip 20 can obtain the package- 
ized optical module. 

[0084] Various deformation is possible for this invention so that it may not be limited to the gestalt of the above- 
mentioned implementation and may state below. 

[0085] (Gestalt of the 2nd operation) Drawing 3 is drawing showing the optical module concerning the gestalt of the 
2nd operation which applied this invention. This optical module differs from the gestalt of the 1st operation in the 
structure of the external terminal 60. That is, the external terminal 60 is formed in the field of a substrate 62. For 
example, a circuit pattern 64 is formed in one field of a substrate 62, and the external terminal 60 electrically connected 
through the through hole 66 is formed in the field of another side of a substrate 62. For example, a pewter ball is 
sufficient as the external terminal 60. According to this, surface mounting of the optical module can be carried out. 
Package-ization is attained also for the optical module concerning the gestalt of this operation with the resin 68 etc. 
[0086] Since the content explained with the gestalt of the 1st operation by points other than the above is applied to the 
gestalt of this operation, detailed explanation is omitted. 

[0087] (Gestalt of the 3rd operation) Drawing 4 is drawing showing the optical module concerning the gestalt of the 3rd 
operation which applied this invention. This optical module has a leadframe 70 and the point (outer lead) of a leadframe 
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70 is the external terminal 72. 

[0088] The leadframe 70 is pasted up on the substrate 74. When the leadframe 70 for semiconductor devices is used, a 
substrate 74 pastes the die pad 71 of a leadframe 70. The adhesives which are not illustrated can be used for adhesion. 
The substrate 74 may be formed by the resin etc. and may be formed from silicon or glass. The circuit pattern 76 is 
formed in the substrate 74. When the substrate 74 is especially formed from silicon, the manufacture process of a 
semiconductor device can be applied and the precise circuit pattern 76 can be formed. 

[0089] With the gestalt of this operation, the light-corpuscle child 78 and the semiconductor chip 80 are carried in the 
substrate 74. Moreover, the light-corpuscle child 78 and the semiconductor chip 80 are joined to the circuit pattern 76 of 
a substrate 74 by face down bonding. The circuit pattern 76 is electrically connected to the leadframe 70 by the wire 75 
etc. Moreover, ** may be electrically connected to either [ a circuit pattern 76 and / at least ] the light-corpuscle child 78 
or the semiconductor chip 80 by the wire 77 etc. 

[0090] Positioning is carried out by the hole 84 where the optical fiber 82 was formed in the substrate 74. Moreover, it 
undesirable to form the hole which avoids an optical fiber 82 in the portion pasted up on the substrate 74 in a leadframe 

[0091] About other composition, the content explained with the gestalt of the 1st operation is applicable. Package- 

lzation is attained also for the optical module concerning the gestalt of this operation with the resin 86 etc. 

[0092] In addition, even if it applies the chip which builds in the circuit formed instead of the "semiconductor chip" of 

this invention without using a semiconductor, the same operation effect as this invention can be attained. 

[0093] (Gestalt of the 4th operation) Drawing 5 is drawing showing the optical transport unit concerning the gestalt of 

the operation which applied this invention. An optical transmission device 90 connects the electronic equipment 92, 

such as a computer, a display, storage, and a printer, mutually. Electronic equipment 92 may be information 

communication equipment. As for an optical transmission device 90, a plug 96 may be formed in the ends of a cable 94. 

A cable 94 contains the optical fiber 30 (refer to drawing! ) of one or more (at least one). A plug 96 builds in a 

semiconductor chip 20. The installation state of an optical fiber 30, and the light-corpuscle child 10 or a semiconductor 

chip 20 is as having mentioned above. 

[0094] The light-corpuscle child 20 connected to one edge of an optical fiber 30 is a light emitting device. The electrical 
signal outputted from one electronic equipment 92 is changed into a lightwave signal by the light-corpuscle child 20 
who is a light emitting device. A lightwave signal is transmitted in an optical fiber 30, and is inputted into the light- 
corpuscle child 20 of another side. This light-corpuscle child 20 is a photo detector, and the inputted lightwave signal is 
changed into an electrical signal. An electrical signal is inputted into the electronic equipment 92 of another side. In this 
way, according to the optical transport unit 90 concerning the gestalt of this operation, a lightwave signal can perform 
communication of information of electronic equipment 92. 

[0095] (Gestalt of the 5th operation) Drawjng_6 is drawing showing the use gestalt of the optical transport unit 
concerning the gestalt of the operation which applied this invention. An optical transmission device 90 connects 
between electronic equipment 100. As electronic equipment 100, a liquid crystal display monitor or CRT (used in 
finance, a mail order, medicine, and an educational field) of digital correspondence, a liquid crystal projector, a plasma 
display panel (PDP), digital one TV, the register (for POS (Point of Sale Scanning)) of a retail store, video, a tuner, 
game equipment, a printer, etc. are mentioned. 

[0096] (Gestalt of the 6th operation) Drawing .7 is drawing showing the optical module concerning the gestalt of the 
operation which applied this invention. This optical module contains a semiconductor chip 1 10, two or more light- 
corpuscle children 10, and two or more optical fibers 30. Two or more holes 1 12 are formed in the semiconductor chip 
1 10, and each optical fiber 30 is inserted in each hole 112. Each optical fiber 30 is formed corresponding to each light- 
corpuscle child 10. The example shown in drawing ? is an optical module which has four light-corpuscle children 10, 
and when using this for transmission of a color picture signal, the light-corpuscle child 10 and an optical fiber 30 are' 
used for transmission and reception of the signal of R, G, and B, and a clock signal. 

[0097] About other composition, the content explained with the gestalt of the 1st operation is applicable. The optical 
module concerning the gestalt of this operation can also be package-ized with a resin etc. 

[0098] (Gestalt of the 7th operation) Drawing 8 is drawing showing the optical module concerning the gestalt of the 
operation which applied this invention. This optical module has the light-corpuscle child 210, a semiconductor chip 220, 
and an optical fiber 30. The stopper 214 is prepared for the light-corpuscle child 210 so that the point of an optical fiber' 
30 may not contact an optical part 212. A stopper 214 is the field in which the optical part 212 in the light-corpuscle 
child 210 was formed, and is formed in the position corresponding to within the limits of the apical surface of an optical 
fiber 30. It can prevent that the apical surface of an optical fiber 30 contacts an optical part 212 by a stopper 214 being 
formed more highly than an optical part 212. 

[0099] The hole 222 for inserting in an optical fiber 30 is formed in the semiconductor chip 220. The hole 222 is making 
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the configuration which has an opening edge and pars intermedia with a larger path than an opening edge. An opening 
edge and pars intermedia are connected by the taper section. 

[0100] Such a hole 222 can be formed as follows. First, the layer by which patterning was carried out so that opening 
might be carried out in the field which forms a hole 222 is formed in a semiconductor chip 220. This layer may be a 
resist, may be an oxide film, and may be the film formed with the application of chemistry gaseous-phase deposition 
(CVD). And opening (front face of a semiconductor chip 220) of layers, such as a resist, is **********ed. It is 
desirable to apply dry etching to etching. Dry etching may be reactive ion etching (RIE). Moreover, you may apply wet 
etching as etching. In this way, a hollow (hole which is not penetrated) is formed in the front face of a semiconductor 
chip 220. 

[0101] And laser (for example, an YAG laser and a C02 laser) etc. is used for the portion in which the hollow of a 
semiconductor chip 220 was formed, and a stoma is formed. A laser beam can recognize and irradiate a position in a 
hollow. A laser beam is irradiated only from one field of a semiconductor chip 220, a stoma may be formed and a laser 
beam may be irradiated from both sides of a semiconductor chip 220 (or simultaneous [ Turn ]). If a laser beam is 
irradiated from both sides, there is little influence which it has on a semiconductor chip 220. In addition, when 
irradiating a laser beam from both sides, it is desirable to form a hollow in both sides of a semiconductor chip 220. 
[0102] Next, a stoma is made to expand and a hole 222 is formed. For example, wet etching may be applied and you 
may ********** the internal surface of a stoma. As an etching reagent, you may use the solution (buffered ****) which 
mixed **** and **-ized ammonium. And layers, such as a resist, will be removed if required. 
[0103] In addition, although the element of a semiconductor chip 220 may be formed after forming a hole 222, when 
formation of an element is difficult, an element is previously formed, because there is a hole 222. 
[01 04] About other composition, the content explained with the gestalt of the 1 st operation is applicable. The optical 
module concerning the gestalt of this operation can also be package-ized with a resin etc. In addition, as for the filler 54 
which fixes an optical fiber 30, it is desirable to also fill up the interior of a hole 222. 

[0105] With the gestalt of operation mentioned above, although the optical fiber was used as an optical waveguide, you 
may use the optical waveguide of the shape of the shape of a sheet, or a tape. You may form an optical waveguide by 
polyimide resin. 
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♦NOTICES* 

Japan Pat nt Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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